Nocardia species generally grow well on culture media in contrast to limited metabolic 18
INTRODUCTION 37
The Genus Nocardia represents a large group of aerobic actinomycetes and currently 38 contains 116 species (www.bacterio.net/Nocardia.html, accessed March 28, 2018). These 39 organisms are Gram-positive bacilli with filamentous and branching morphology, partial acid-40 fast stain, formation of aerial mycelia in the natural environment and in culture, and resistance to 41 lysozyme (1) . There are over 50 medically significant Nocardia species, which can cause 42 pulmonary, cutaneous, cerebral, and disseminated infections, mostly in immune-compromised 43
hosts (1) (2) (3) (4) . 44
The diagnosis of Nocardia infection relies on cultivation of the organism in view of the 45 infrequent occurrence and broad differential diagnosis. It is generally thought that Nocardia 46 species grow on most culture media in spite of being fastidious. By contrast, these organisms are 47 species combined on these media (65 of 117 strains) (χ 2 = 7.23, p = 0.0072). Similarly, all four 82 strains of N. mikamii were recovered from C AFB alone, whereas only 31 of all rest 142 strains 83 were isolated this way (Fisher's p = 0.0029). On fungal media grew all six strains of N. wallacei 84 with five of them on these media solely. This was different from all other 140 strains in that only 85 21 were recovered on C Fung alone (p = 0.0007). This culture difference can be explained by the 86 incorporation of gentamycin in the brain heart infusion slant for fungal culture. N. wallacei, 87 previously known as Nocardia asteroides drug pattern IV (16), is a recently proposed species 88 with a rare feature of resistance to amikacin. As shown in Table 2 , such is the case in these N. 89
wallacei strains: four of the six were resistant to amikacin, in comparison to only four of the rest 90 125 tested strains (p = 0.0001). Similarly, all were resistant to tobramycin whereas only 47 of the 91 rest 114 tested strains were this way (p = 0.0063). Gentamycin, amikacin, and tobramycin belong 92 to the class of aminoglycoside with similar antimicrobial activities. 93
The impact of specimen source on culture recovery was also examined. During the 16 94 study years, an estimated 40,000 specimens, from roughly equal numbers of normally sterile and 95 nonsterile sources, were set up for cultures in triples. As shown in Table 3, 49 strains and 97  96 strains were recovered from normally sterile and nonsterile specimens respectively. Of the 97 strains from sterile sources, 35 strains (71.4%) grew on C RT, 31 strains (63.3%) on C Fung, 39 98 strains (79.6%) on C AFB, and 18 strains (36.7%) on all media setups. In contrast, of the strains 99 from nonsterile sources, relatively fewer grew on C RT (35 strains, 36.1%) (p = 0.0001), on C 100 AFB (50 strains, 51.5%) (p = 0.0001), and on all media setups (8 strains, 8.2%) (p = 0.0001) 101 whereas C Fung remained similar (57 strains, 58.5%) (p = 0.60, not significant). Thus, sterile 102 specimens favor the recovery of Nocardia species, much the same for other microorganisms. Theand AFB media. This could be explained by better control of other bacteria, such as 105 incorporation of antimicrobial agents in both setups and decontamination for C AFB, and longer 106 incubation to recover low inoculum and/or slowly growing species. 107
The better recoveries of N. nova and N. mikamii on C AFB were examined further for 108 explanations. Of the 29 N. nova strains, C AFB showed growth of 7 strains from 8 sterile 109 specimens and growth of 17 strains from 21 nonsterile specimens. Thus, from sterile specimens, 110 C AFB recovered similar proportions of N. nova (7 of 8, 87.5%) and of other species combined 111 (32 of 41, 78.0%) (p = 1.0). In contrast, from nonsterile (airway) specimens, C AFB recovered 112 most N. nova strains as well (17 of 21, 81.0%) but less than half of other species combined (33 of 113 76, 43.4%) (p = 0.0028). This difference suggested that N. nova tolerated the decontamination 114 process. Alternatively or in addition, as the most commonly isolated species (Table 1) that also grew on C AFB (Table 1) . 129
Together, the results above suggest that diverse culture media support the growth of 130 many Nocardia species. Furthermore, control of other rapidly growing bacteria via 131 decontamination and/or incorporation of selective antimicrobials in the fungal and AFB media 132 combined with longer incubation time improves recovery of these organisms from nonsterile 133 specimens. 134
Among the 116 Nocardia species recognized so far, the environmental niches and 137 geographic distributions are likely diverse despite lack of comprehensive survey. The clinical 138 recovery of 24 Nocardia species in this study, nearly half of all medically significant Nocardia 139 species, is a reflection of this diversity to some extent. This may be attributable to the warm and 140 wet climate in the greater Houston area, the susceptible and diverse cancer patient population, 141 intense diagnostic procedures and culture effort, relatively large number of strains, and accurate 142 identification of many recently described species. 143
The diversity of Nocardia species is also reflected on their genome blueprints that have 144 been revealed in recent years. For instances, N. farcinica has a genome of 6.0 mega-base pairs 145 (Mb) (18) whereas N. brasiliensis has 9.4 Mb (19). Even within a species, diversity among 146 strains may be substantial, as shown in a new genome study in which some of our Houston area8 tissues whereas N. nova may invade the bloodstream in addition to the more common respiratory 150 infections (4). 151
It has been our experience that Nocardia species are not as fastidious as thought before. 152
Many strains from sterile specimens grew upon 48 hours of incubation on blood or chocolate 153 agar, although detailed data on all strains were difficult to obtain. Surprisingly, the AFB media 154 are the best to recover Nocardia species. This result can be explained by the prolonged 155 incubation, decontamination of nonsterile specimens, and/or supplement of antimicrobials in the 156 liquid medium. 157
Decontamination with NaOH and N-acetyl-L-cysteine controls most rapidly growing 158 bacteria that would otherwise overwhelm the growth of AFB. Lower respiratory tract specimens 159 contain contaminants, yet they are also the most common sources of AFB and Nocardia. AFB 160 are resistant to decontamination. Nocardia species are partially acid fast due to the presence of 161 mycolic acids in the cell wall. The lengths of these mycolic acids are 44-64 carbons (1, 16, 21, 162 22) , shorter than the length of 60-90 carbons of AFB (1) . As demonstrated experimentally earlier 163 (23), decontamination reduces culture recovery of Nocardia significantly. Yet, our recovery of 164 50 strains of various Nocardia species, N. nova in particular, on AFB media upon 165 decontamination (Table 3) suggests that these organisms, when in clinical specimens, are by and 166 large resistant to the harsh treatment. Thus, decontamination also clears the way for cultivation 167 of Nocardia species, in addition to the more common AFB, from nonsterile specimens. 168
From nonsterile specimens, fungal media recover Nocardia species well, better than 169 routine and AFB media (Table 3) . This is consistent with incorporation of antimicrobials in the 170 media and longer incubation. Finally, our cultivations of N. wallacei and N. mikamii, two recent9 interesting aspect of these organisms. More future studies on these species may be needed for 173 corroboration and further delineation. 174
175

MATERIALS AND METHODS 176
Study setting and patients 177
The Nocardia strains were consecutive ( 
Species identification 211
Initial recognition of Nocardia included branching Gram-positive bacilli, positive partial 212 acid-fast stain, and chalky white colonies on culture plates if applicable. These bacilli were 213 further identified by sequencing a portion of the 16S rRNA gene as previously described (4, 24) . Bidirectional consensus sequences were queried to the NCBI database using the basic local 227 alignment search tool (BLAST) function, and the best identity matches to a reference sequence 228 of a type strain, usually ≥ 99.6%, yielded species identification. 229
Data retrieval and analysis 230
Electronic culture records (Cerner work cards) on every Nocardia strain were retrieved 231 and examined. Extracted data included specimen type, culture setups, growth or no growth of NS: not significant.
